INTRODUCTION
============

Colonoscopy has been used for colorectal cancer screening worldwide. However, the miss rate for advanced colorectal adenoma and cancer is known to be 2% to 6%.[@B1] The locations of lesions, the technique of the endoscopist, and normal colorectal lesion image intensity are associated with the miss rate of colorectal adenoma and cancer.

Image-enhanced endoscopy (IEE) highlights lesions, which can improve the detection rate and diagnostic accuracy for colon polyps. IEE methods can be classified into dye-based (chromoendoscopy), and equipment-based using optical techniques.[@B2] Using a visual filter and magnification, equipment-based IEE is used to observe the mucosal epithelium of the microstructure and the capillaries of the lesion. In addition, lesions can be evaluated by IEE though the measurement of fluorescence intensity emitted in tissues. In this section, the role of equipment-based IEE in the detection and estimation of histological findings for colorectal polyps will be discussed.

NARROW BAND IMAGING
===================

Narrow band imaging (NBI) separates white light into red, green, and blue using a special optical filter, and reconstructs the image while enhancing blue light, which has a relatively short wavelength.[@B3],[@B4] Blue light penetrates the mucosal surface, and is reflected at the mucosal surface, highlighting the superficial vasculature. Since mucosal hemoglobin selectively absorbs blue light, and the mucosa surrounding blood vessels reflects it, the contrast of the image is increased and the mucosal micro-vessel architecture can be estimated in fine detail. In the colon and rectum, microvessels form a ring, and each ring surrounds its respective gland. A deformed microvessel suggests a deformed neoplastic gland. Neoplastic changes result in a change in the form, density, and size of microvessels, and colorectal lesions can therefore be diagnosed.[@B5]

Adenoma detection rate
----------------------

Since Hirata et al.[@B6] reported that chromoendoscopy is similar to NBI in colorectal adenoma detection, six large-scale studies have been reported. Three of them demonstrated that NBI in fact has a higher adenoma detection rate.[@B7],[@B8],[@B9] The adenoma detection rate of NBI is 27% to 40%. In particular, the detection of diminutive adenomas was the most improved. However, in a meta-analysis, the accuracy, sensitivity, and specificity of NBI were not significantly different from those of chromoendoscopy.[@B10]

Differentiation of neoplastic and nonneoplastic polyps
------------------------------------------------------

According to the surface color, capillary shape, and surface structure of the colorectal mucosa, several NBI classifications have been proposed.[@B11],[@B12] Based on the classification type, NBI could be helpful in the differentiation between colorectal adenomas and hyperplastic polyps. Recently, to create an easy-to-use NBI classification system, professionals around the world have developed the NBI international colorectal endoscopic (NICE) classification, which is based on surface color, the structure of blood vessels, and surface structure ([Table 1](#T1){ref-type="table"}).[@B13] It has been reported that NICE is useful in the pathologic diagnosis of lesions.[@B13],[@B14] [Fig. 1](#F1){ref-type="fig"} shows two cases classified by NICE, representing a benign neoplasm ([Fig. 1A, B](#F1){ref-type="fig"}) and submucosal invasive colon cancer ([Fig. 1C, D](#F1){ref-type="fig"}).

A meta-analysis of several studies concerning the differentiation between colorectal adenomas and hyperplastic polyps showed that the accuracy of predictions of lesion pathology were 62% to 93% for NBI, 65% to 82% for while light endoscopy (WLE), and 69% to 96% for chromoendoscopy.[@B10],[@B15] The accuracy of pathological prediction by NBI was higher than that of WLE, and similar to that of chromoendoscopy.

Prediction of the invasion depth of malignant tumors
----------------------------------------------------

In terms of the prediction of the invasion of malignant tumors with NBI, it has been reported that the density and regularity of the vascular structure are useful.[@B11],[@B16],[@B17],[@B18] Wada et al.[@B18] have reported that the vascular structures of submucosal invasive carcinoma are irregular, and that they cannot be classified by the type of blood vessel. Depending on vascular structural findings, the sensitivity and specificity of the diagnosis of submucosal invasive cancer were 100% and 95.8%, respectively.

FUJINON INTELLIGENT COLOR ENHANCEMENT
=====================================

Fujinon intelligent color enhancement (FICE) emphasizes subtle changes of the mucosal surface through the reconstruction of a certain wavelength (computed spectral estimation technology), without using an optical filter such in NBI.[@B19] FICE utilizes a simple switching operation to create the various wavelengths, and can choose the most appropriate wavelength to produce the image of the digestive tract.

For the differentiation of colorectal adenomas from hyperplasic polyps, Pohl et al.[@B20] reported that the sensitivity, specificity, and accuracy of FICE were 90% to 97%, 74% to 80%, and 83% to 90%, respectively, and were better than those of WLE. However, FICE was not significantly different from chromoendoscopy in the differentiation of adenomas and nonneoplastic polyps.[@B21]

I-SCAN
======

i-Scan utilizes the same spectral estimation technology as FICE technology, and applies a digital color filter to images to emphasize lesions. In comparisons of i-Scan with NBI and high-resolution colonoscopy, i-Scan was similar in the differential diagnosis of colon polyps and the prediction of pathological results. This revealed that i-Scan is also helpful in the differential diagnosis and prediction of the pathology of colorectal lesions.[@B22],[@B23]

CONCLUSIONS
===========

Equipment-based IEE methods such as NBI, FICE, and i-Scan, are useful for the detection and differential diagnosis of colorectal tumors. Despite the adenoma detection rate of NBI being similar to that of chromoendoscopy, NBI can be used to differentiate colorectal polyps and to predict the submucosal invasion of malignant tumors. Despite a lack of studies, it is known that FICE and i-Scan are both similar to NBI in the detection rate of colorectal lesions. To successfully use equipment-based IEE, endoscopists must first be aware of the features of the devices involved, and with the device\'s uses, applications, and limitations. In the future, diagnostic accuracy could be improved, and new treatment paradigms developed through more effective and advanced endoscopic equipment.
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![(A, C) White light (WLE) and (B, D) narrow-band imaging (NBI) of two colonic neoplastic lesions. (A) WLE showing a 6-mm lesion in the sigmoid colon. (B) NBI demonstrating thick brown vessels and a branched surface, compatible with NBI international colorectal endoscopic (NICE) type 2. After snare polypectomy of the lesion, microscopic evaluation showed tubular adenoma with low-grade dysplasia. (C) WLE showing a 1.5-cm slightly elevated lesion with a central depression on the mid ascending colon. (D) NBI showing a distorted surface and missing vessels, compatible with NICE type 3. On histologic evaluation of the resected lesion, an adenocarcinoma that invaded into the submucosal layer was found.](ce-47-330-g001){#F1}
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^a)^The classification can be applied using colonoscopes with or without optical (zoom) magnification; ^b)^These structures may represent the pits and the epithelium of the crypt opening.
